Specific visible radiation facilitates lipolysis in mature 3T3-L1 adipocytes via rhodopsin-dependent β3-adrenergic signaling.
The regulation of fat metabolism is important for maintaining functional and structural tissue homeostasis in biological systems. Reducing excessive lipids has been an important concern due to the concomitant health risks caused by metabolic disorders such as obesity, adiposity and dyslipidemia. A recent study revealed that unlike conventional care regimens (e.g., diet or medicine), low-energy visible radiation (VR) regulates lipid levels via autophagy-dependent hormone-sensitive lipase (HSL) phosphorylation in differentiated human adipose-derived stem cells. To clarify the underlying cellular and molecular mechanisms, we first verified the photoreceptor and photoreceptor-dependent signal cascade in nonvisual 3T3-L1 adipocytes. For a better understanding of the concomitant phenomena that result from VR exposure, mature 3T3-L1 adipocytes were exposed to four different wavelengths of VR (410, 505, 590 and 660nm) in this study. The results confirmed that specific VR wavelengths, especially 505nm than 590nm, increase intracellular cyclic adenosine monophosphate (cAMP) levels and decrease lipid droplets. Interestingly, the mRNA and protein levels of the Opn2 (rhodopsin) photoreceptor increased after VR exposure in mature 3T3-L1 adipocytes. Subsequent treatment of mature 3T3-L1 adipocytes at a specific VR wavelength induced rhodopsin- and β3-adrenergic receptor (AR)-dependent lipolytic responses that consequently led to increases in intracellular cAMP and phosphorylated HSL protein levels. Our study indicates that photoreceptors are expressed and exert individual functions in nonvisual cells, such as adipocytes. We suggest that the VR-induced photoreceptor system could be a potential therapeutic target for the regulation of lipid homeostasis in a non-invasive manner.